To investigate the characteristics of PM2.5 and its major chemical components, formation 1 mechanisms, and geographical origins in the two megacities, Chengdu (CD) and Chongqing (CQ), in 2 Sichuan Basin of southwest China, daily PM2.5 samples were collected simultaneously at one urban site 3 in each city for four consecutive seasons from autumn 2014 to summer 2015. Annual mean 4 concentrations of PM2.5 were 67.0 ± 43.4 and 70.9 ± 41.4 μg m -3 at CD and CQ, respectively. Secondary 5 inorganic aerosols (SNA) and organic matter (OM) accounted for 41.1% and 26.1% of PM2.5 mass at 6 CD, and 37.4% and 29.6% at CQ, respectively. Seasonal variations of PM2.5 and major chemical 7 components were significant, usually with the highest mass concentration in winter and the lowest in 8 summer. Daily PM2.5 concentration exceeded the national air quality standard on 30% of the sampling 9 days at both sites, and most of the pollution events were at the regional scale within the basin formed 10 under stagnant meteorological conditions. The concentrations of carbonaceous components were higher 11 at CQ than CD, likely partially caused by emissions from the large amount of motorcycles and spraying 12 process during automobile production in CQ. Heterogeneous reactions probably played an important 13 role in the formation of SO4 2-, while both homogeneous and heterogeneous reactions contributed to the 14 formation of NO3 -. Geographical origins of emissions sources contributing to high PM2.5 masses at both 15 sites were identified to be mainly distributed within the basin based on potential source contribution 16 function (PSCF) analysis. 17 18 3
Where xij and xik represent the average concentration for a chemical component i at site j and k, 142 respectively, p is the number of chemical components. Generally, a COD value lower than 0.2 indicates 143 a relatively similarity of spatial distribution. Integrated Trajectory (HYSPLIT) model using 0.5º ×0.5º meteorological data for the period of October 147 2014 to July 2015 when PM2.5 measurements were made at both sites. Four trajectories at 04:00, 10:00, 148 16:00, and 22:00 UTC every day with the starting height of 300 m above ground level were calculated 149 (Squizzato and Masiol, 2015) . (4) 155 Where nij is the total number of endpoints falling in the grid cell (i,j) and mij denotes the number of 156 endpoints that are associated with samples exceeding the threshold criterion in the same cell. To reduce 157 the PSCF uncertainties associated with small nij values, weighting function was adopted as follows,
Where nave is the average number of endpoints in each grid cell.
160
The trajectories coupled with daily pollutants concentrations were used for PSCF analysis, with the 161 threshold criterion in PSCF analysis being set at the upper 50% of PM2.5 and other pollutants. The 162 trajectory covered area was in the range of 20-45º N and 90-120º E and divided into 0.5º ×0.5º grid cells. The seasonal variations of EC fractions were not obvious, with a slightly higher value in spring. 
Similarities and differences between the two sites 235
Although none of the two sites alone can represent the whole region of the Sichuan Basin, the similarities 236 in the characteristics of the major pollutants between the two sites should represent the regional-scale 237 characteristics of urban-environment pollution while the differences between the two sites should reflect 238 the sub-regional characteristics of urban pollution. A comparison between the two sites in terms of 239 seasonal-average concentrations of major chemical components is shown in Fig. 4 and discussed in detail 
256
It is worth to note that the COD values used to identify the similarities or differences of the two 257 sites were calculated based on seasonal-average concentrations of all the components in PM2.5.
258
However, if focusing on individual components, several chemical species in PM2.5 differed by up to a 259 factor of 2.5 in their season-average concentrations between CD and CQ, e.g. OC and EC in winter and 260 spring, and Cland FS in all the four seasons. In summer, the differences for several major chemical 261 components (FS, OC, SO4 2-, NO3and EC) between the two sites were larger than in the other seasons, 262 causing a high COD value (0.33). These discrepancies were partly caused by the different atmospheric 263 chemical processes, local sources and meteorological parameters between the two sites. Specifically, FS 264 mostly deviated from the 1:1 straight line in all the seasons, with substantially higher concentrations at 265 CQ than CD ( Fig. 4 ). There was no significant difference in NH4 + concentrations between CD and CQ, 266 but considerable differences in SO4 2and NO3in spring and summer. SO2 concentration was around 267 25% higher at CQ than CD in spring and summer, which partially explained the site-differences in SO4 2 .
268
In contrast, NO2 concentration was comparable at both sites in summer, but NO3concentration was 269 58% lower in CQ than CD. The site-differences in NO3concentration was caused by NH4NO3 OC concentrations in winter between the two sites.
294
Correlation analysis may also provide an insight into the similarities/differences between the two 295 sites over an intensive sampling period. Good correlations between the two sites were found for daily 296 SNA, OC, EC and K + concentrations in autumn, winter and spring (Table S1 ). However, for NO3 -, a 
